INTRODUCTION
This report uses national data to evaluate the structure of the high-risk perinatal service delivery in the US. It is based on the American Hospital Association Hospital Surveys for 4 years and a 1998 national survey of hospitals that provided perinatal specialty care services. The latter survey entitled,``Inpatient Survey: High-Risk Obstetric and Newborn Services in the USA'', was designed and fielded by the National Perinatal Information Center (NPIC) and funded by a consortium including the March of Dimes, the Maternal and Child Health Bureau, the American Hospital Association, the American Academy of Pediatrics, the American College of Obstetricians and Gynecologists, Ross Labs, and NPIC. This document is meant to be the first of a series of analytic activities aimed at assessing perinatal special care nationally.
CONTEXT OF THIS ANALYSIS
There are three ways to evaluate systems of perinatal care: structure, process, and outcome. Each is reliant on data and information that are not readily available, including information on the infrastructure present within each facility that can be used to independently determine the level of care (sophistication) offered. Assessment of structure addresses whether there is adequate access to care based on standards of demand and whether the hospitals providing the high-risk care have in place the services and staffing needed to take on the task. Structure can be required through legislation, regulations, or guidelines at the state level. There are a handful of states that have in place guidelines and regulations designed to control services and staffing in hospitals that care for high-risk neonatal patients and states with perinatal regulations specifying level of care, but the vast majority of states are not regulated by perinatal guidelines, and the hospitals use the American Academy of Pediatrics guidelines. 1 with little or no regulatory oversight. 1 As a result, little is known about the variation across facilities.
Process assesses whether perinatal regionalized systems of referral and transfer of high-risk patients are functioning. A range of studies has established that the process of proper maternal referral and newborn transfer of patients to tertiary care centers results in better outcomes. Thus, examining whether or not high-risk pregnant women and high-risk newborns use facilities with specialized services is a method of assessing systems of care, even in the absence of exploring outcome. Finally, the best method of assessing systems is the exploration of outcome at the hospital, regional, and state levels to determine whether the optimal birthweight-specific newborn outcomes are present. There are no national studies on the process and outcome of regionalized care; however, 1 Only nine states have perinatal guidelines that specify levels of care.
Current Concepts
there are numerous state level studies demonstrating the importance of ensuring that high-risk patients are treated in the appropriate settings.
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This report is designed to explore two topics: first, it examines the changes in structure of high-risk specialty care services for newborns across the US and across regions in recent years; and second, it explores the range of services and staffing of those services present among respondents to a national survey of hospitals with high-risk specialty care. A key objective of pairing these analyses is to explore the nature of the expansion and to identify if there appears to be any problem in the structure of the system as it has expanded. There are no published reports that focus on these issues from a national perspective since our own presentation,``Supply and Demand for Neonatal Intensive Care Trends and Implications''. 9 In that presentation, we identified that the availability of hospitals with special care had increased dramatically between 1983 and 1991. The term special care refers to hospitals that operated either a Neonatal Intensive Care Unit (NICU) or Neonatal Intermediate Care (NINT) /Special Care Unit based on the definitions in use by the American Hospital Association. 2 Hospitals with NICU or NINT/Special Care increased by 60% and the number of NICU and NINT/Special Care beds increased by 68%. In the analysis, we showed that using the AAP standard, three of nine regions in the US had deficits in the number of beds available, while the remainder revealed a surplus. However, the occupancy data available revealed that these regions were operating with occupancy rates hovering around 80% Ð rates that belie a deficit in beds, indicating that very likely, the AAP method of estimating demand may be overly generous. We speculated that this expansion of services could spread the high-risk patients thinly across a large number of facilities Ð some less well equipped Ð resulting in less than optimal outcomes across entire regions.
Here we revisit the issue of supply and demand and address the changes that occurred since 1991. In addition, for the first time, we examine the range in services, staffing, and referral patterns among hospitals providing specialty newborn care in an effort to address whether there are any aspects of the structure of the system which appear inadequate. We address these questions:
o How has supply and demand for care changed since 1991 for the US and by region? o How uniform is the provision of specialty care among hospitals that do not refer high -risk newborns to other facilities on parameters of staffing and key services?
o Among hospitals that provide some specialty service but also refer patients, what are the thresholds for referral and types of staffing and services that support the specialty care provided? o Are there any structural problems in the provision of care that can be discerned from these data that should be examined in more depth?
While this presentation is designed as a structural assessment of the perinatal specialty care in the US, it is important to note that it does not eliminate the need for more rigorous analysis of the process and outcome of care. These types of analyses have become more important as managed care products, which restrict access to specialty services, have proliferated.
METHODS
We analyzed the American Hospital Association hospital survey data for 1995 to 1997 (we previously reported 1983 through 1991). These data were used to assess demand by identifying hospitals with births, neonatal intensive care, and neonatal intermediate care as defined by the American Hospital Association. The AAP definitions 3 were not used for special care per se because the AHA data source does not make explicit use of that definition. The trend analysis was performed using the published analyses for earlier years mentioned above and the new analysis of 1995 and 1997 data.
We calculated special care beds per 10,000 births using hospital data from the AHA surveys for the years 1983, 1987, 1991, 1995, and 1997 . Special care beds are all NICU and NINT/Special Care beds reported to AHA. To estimate the usable supply of special care bed days, we multiplied the reported total special care beds by 365 d/yr and 0.85 (to adjust for occupancy). Demand estimates were based on the AAP approach originally published in 1985. 10 so that the comparability with earlier published analyses was maintained. This approach assumes that 9% of births requires special care, and that these patients would remain in special care for an average of 13.45 days. To assess the validity of using the AAP approach for estimating demand in today's environment, we tested the assumptions using national births from 1997 and admission rates and average lengths of stays from 50 perinatal centers that participate in the membership reporting of NPIC. Using NPIC data, we project that 62% of all special care admissions would be for newborns over 2000 gm. They would have a special care admission rate of 11% and account for an average length of stay of 6.8 days. In contrast, newborns under 2000 gm had a special care admission rate of 65% and an average length of stay of 28.5 days. Using this model, the combined admission rate and length of stay for 1997 births would result in a demand for 42 beds per 10,000 births. This bed demand finding is only slightly higher than the projected AAP demand of 39 beds per 10,000 live birth analysis applied to 1997 US births. This small difference was insufficient for us to re-compute the previously published data for this presentation; thus, we compared the bed days available across the US and within each region to the bed days demanding the original approach.
The survey,``Inpatient Survey: High-Risk Obstetric and Newborn Services in the USA'', focused on both obstetrical and newborn services with a special emphasis on referral and staffing. The survey was funded by the consortia mentioned in the introduction and was fielded by NPIC in the late summer of 1998 requesting responses about the status of services during the calendar year 1997. The AHA survey data files were used to create the mailing list. This list was supplemented by lists created by AAP. 11 that identified all hospitals with a practising neonatologist. This approach resulted in the identification of some hospitals that provided only limited convalescent care that were eventually dropped. The surveys were sent out in September 1998 to 1085 hospitals with neonatal special care. Study staff performed three types of follow-up to non-respondents: phone calls to all hospitals receiving surveys; a second round of mail surveys to all non-respondents; and finally, telephone follow-up calls were made to hospitals that did not respond to the second survey. A response rate of 69% was achieved. In the 
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Services and Staffing section below, we present the nonresponse bias.
SUPPLY AND DEMAND RESULTS
Three tables summarize the changes in supply and demand for neonatal special care services. The data are reported for 15 years, 1983 to 1997; however, we calculated the trends for the most recent 10 years. This minor shift in 1997 more than likely reflects the shifts in reporting and a stabilization in the last 2 years rather than a downward trend. The greater part of the increase in the 10 years was in the expansion of neonatal intermediate care beds, which increased by 59%, while NICU beds increased by 33%. During this period, births increased only by 6%, while all special care beds increased nationally by 41%. Table 1 also shows that most neonatal special care have remained in the metropolitan areas and increased from 40 beds per 10,000 to 52 beds per 10,000 births or 30% over 10 years. Non-metropolitan areas still have fewer beds; however, there was an expansion in beds per 10,000 births from 11 to 22 or 100%. This increase would have been less dramatic if births had not declined. Specifically, the beds per 10,000 births would have been 19 beds per 10,000 if births had stayed at the 1987 level. Table 2 shows the change in the supply and demand for special care bed days nationwide. This is a conservative estimate because these figures exclude children's hospital special care beds. The table shows that by 1997, special care supply exceeded demand nationwide by about 1.1 million bed days. There were 1534 newborn special care beds in children's hospitals in 1997, reflecting an additional 0.5 million bed days (using the assumptions described above). Even without the children's hospital beds, the excess supply of beds is about 2500 beds nationwide. Table 3 shows the supply and demand for special care services for nine regions across the US. The analysis shows that only one region remains in a deficit situation regarding bed days Ð the Pacific region. All the other regions have between 18,000 and 330,000 excess bed days available. In our previous report, there were three regions with a bed deficit; however, the occupancy rates available then (but no longer available now) were below 85%. Low occupancy rate was one indicator that these``deficits'' were probably the result of demand estimates that were higher than the true demand. However, even using these original estimates of demand, most parts of the country are in a surplus situation based on an analysis that does not take into account the special care beds available in the children's hospitals.
SERVICES AND STAFFING IN HOSPITALS WITH NEONATAL SPECIAL CARE
The section of this report on supply and demand reveals very dramatic increases in the supply of neonatal special care over 10 years, most of which occurred before 1996, without much change up to 1997. In the supply and demand analysis, we refer to special care as comprising NICU and NINT/Special Care beds. This was done because there is wide variation in the kinds of patients, services, and staffing across hospitals with NICU, NICU and NINT/ Special Care, and NINT/Special Care only. With few guidelines and few regulations, it is difficult to know which hospitals provide what level of care. Rather than focus on levels of care, the new national survey described above was analyzed to describe the range of staffing and care provided by hospitals with special care services. As described, every hospital with special care was surveyed and 69% responded Ð 608 reported having a NICU while 142 operated only a NINT/Special Care Unit. A bias analysis was performed to identify whether the respondent hospitals differed from Most striking, however, is that only 48.9% of the 393 hospitals with a NICU that keep all patients regardless of gestational age and birthweight had an in-house, boardcertified or board-eligible neonatologist 24 hr/d. When coverage is examined further for this group in Table 6 , only another 10% of those which did not have the inhouse 24-hour coverage by a neonatologist used neonatal fellows to perform the coverage function.
Because the practice of retaining all newborns requires a high level of expertise and staff involvement, we focused our attention further in Table 7 by dividing these hospitals first into two main groups: those with 24-hour coverage by a neonatologist and those without, and then created mutually exclusive subgroups based on whether or not other specially trained staff were available in-house 24 hr/d. The subgroups were created by combining three types of physicians: neonatal fellows, pediatricians, and pediatric residents and separately combining three types of specially trained non-physician providers: neonatal clinical nurse specialists, neonatal nurse practitioners, and physician assistants (nurse/PAs). Hospitals were grouped according to: (a) whether they had any one of the three types of physicians in house 24 hours and any one of the three types nurse/PAs; (b) at least one of the three types of physicians; (c) any one of the three types of nurse/ PAs; or (d) no 24-hour in-house coverage by either the physician group or the nurse/physician assistant group. Table  7 reveals that among the 393 hospitals with a NICU that kept all neonates regardless of weight or gestational age, 65 hospitals had no in-house 24-hour coverage by either the physician or the nurse/PA group, while another 33 hospitals relied solely on nurses or physician assistants for in-house 24-hour coverage. Thus, a total of 98 hospitals (24.9%) had no physician in-house coverage around the clock. Table 8 shows a description of the key characteristics of the 393 hospitals that kept all newborns by their staffing characteristics as described above. As would be expected, the hospitals without physician coverage had fewer births and smaller NICU units. External research funding was not present in these hospitals. The group with neither physician nor nurse/PA coverage also had fewer hospitals with maternal fetal medicine specialists. Table 9 examines the two groups of hospitals that provide specialty care but also refer patients. This table shows that among the 215 responding hospitals with NICU that refer patients, 76 or 35% keeps patients below 30 weeks. Of the 142 without a NICU but with neonatal intermediate care beds, Table 10 shows hospitals in groups B and C by how they are staffed for 24-hour in-house coverage. In both groups, over half the hospitals has no physician or nurse coverage in house 24 hr/d.
Most important is the referral threshold in combination with the staffing. An analysis of variance (ANOVA) model revealed that comparing the two groups of hospitals, the staffing patterns were not statistically different, but the thresholds for referral differed. Table 11 shows the figures for referral behavior of hospitals and staffing. The reported distributions are of interest; newborns below 32 weeks were kept by both groups even without physician in-house coverage; 56 or 26% group B hospitals (of these, 35 kept newborns below 30 weeks) and 20% of group C hospitals kept newborns below 32 weeks. In Table 11 , the shaded areas would constitute a conservative count of the hospitals that may not have adequate coverage. These two groups combined represent a total of 82 hospitals of 356 or 23% of all the hospitals reporting the provision of specialty care, but which keep some, but not all, patients.
CONCLUSIONS
This presentation shows that bed supply has exceeded demand across the US and in almost every region. Thus, very likely access to highrisk care at least for the 85% of births in the metropolitan US should not be problematic. What could be problematic is the nature of the expanded system, and what patients can access regarding the details Among the 215 facilities with NICU that refer patients, policies for referral vary immensely as did staffing. A quarter of these hospitals kept newborns below 32 weeks without 24-hour in-house physician coverage. Finally, among the 142 with NINT/Special Care beds, which kept numbers below 32 weeks, 20% had no reason to have physician coverage category. This analysis also shows that operation of a NICU versus operation of a NINT/Special Care Unit for 357 hospitals, or about half of those surveyed, does little in allowing us to understand thè`l evel of care''. The information presented is based on self-report, and we can only assume that Ð if anything Ð hospital respondents exaggerate their staffing. It is our belief that this report reflects a conservative presentation of the true situation; i.e., in reality, there is a greater volume of high-risk care provided in facilities that are less well staffed than the data presented here would suggest.
The average availability of neonatologists for the many NICUs that have developed recently has been raised. If there are not enough physicians to provide the service, then inadequate staffing will be prevalent.
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Too many units, beyond what is required, will also cause its own shortage.
Despite these findings, the birthweight-specific mortality in the US has marched steadily downward as technology has diffused. Introduction of surfactants. 12 use of antenatal corticosteroids. 13 and expanded numbers of hospitals providing these services are largely responsible.
14 But when there is uneven service delivery of the sort that this report only begins to address, then we can expect to see uneven results. While the overall mortality rate may be very good, there may be differences by hospital, community, or population subgroups that are more difficult to detect. Beyond mortality, however, morbidity may vary greatly Ð especially the long-term prognosis of patients with complex problems. Outcome analysis is an important component of understanding the variation in newborn care; however, if there are known standards of care that the professional societies believe are important in the operation of the NICU, even in the absence of quantitative outcome analyses, it may be important to implement these.
